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South Dakota S tate Universi ty 
Brookings , South Dako ta 
Department of Animal Science A. S .  Series 69-49 
Agricultural Experiment S tation 
Performance of Lambs Fed Rations With 
Oys ter She lls or Various Levels of Hay 
W. M. Larson1 , L .  B .  Embry and R. M. Luther 
High-concentrate rations have been shown to have several advantages 
in large cat tle feeding operations because they p roduce high rates of 
gain wi th low feed requirements . It  has been a common practice to feed 
lambs rations with relatively high levels of roughage . However , lamb 
feeders might  also benefit  unde� many condition� if results s imilar 
to those wi th c attle fed high-concentrate rations could be obtaineq _ _ 
with lambs . Lit tle research has been reported on the relative value 
for lambs of all-concentrate rations and those wi th low levels of roughage 
or roughage rep lacers such as oys ter shells . Two experiments were con­
duc ted to s tudy feed lo t  pe rformance of lambs fed rations which · · 
contained oys ter shells or various levels of hay . 
Pro cedures 
Experiment 1 
Three hundred six ty lambs with an equal number of  ewes and wether s 
were used in the experiment . Five experimental treatments included an 
all-concentrate ration and rations which contained 3% oys ter shel l s  or 
3 ,  10 or 20% alfalfa hay . Lambs of each sex were allo t ted into three 
weight groups giving s ix pens with 12  lambs for each of the f ive 
ration = treatments . Average initial weights for the three weight 
groups were 68 . 4 ,  . 7 7 . 4  and 84 . 7  lb . ,  respectively , for the light , 
medium and heavy groups . 
Ingredient compos ition of the rations fed as a complete mix is 
shown in table 1 .  All rations were formulated to contain about 12% 
protein , 0 . 25 %  phosphorus and 0 . 3% calcium , disregarding the calcium 
in the oys ter shells . The alfalfa hay was good quality second-cut ting , 
and i t  was ground in a hammer mill us ing a 1-inch s creen . 
Lambs in all treatment groups were s t ar ted on feed with 0 . 5  lb . of  
the appropriate feed mix and 1 . 5  lb . of  hay per head daily . The hay 
was gradually reduced until eliminated over a 10-day period and th� 
experimental rations were inc reased by 0 . 2 lb . per head daily until 
a full feed was reached . Thereaf ter , feed was offered in amounts to 
be available at times . The lambs were drenched with th iahend o zole , 
vaccinated for control  of entero toxemia and imp l anted wi th 3 mg . o f  
diethyls tilbes trol . 
l r resent address : Kansas Agricu lt1 1r;t l  Experiment Station , Colby 
Branch S t ati on - Colby , Kansas . 
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• The lambs were marke ted when each weight group reached an average 
• 
• 
weigh t of about 130 lb . This resulted in feeding periods of  70  to 
100 days from the beginning of �he experiment on November 9 .  Kidneys 
and bladders were co llec ted from the lambs at slaughter and examined 
f or incidence of calculi.  Weight gain and feed data are presented 
only for lambs comple ting the experiment . When a loss occurred , an 
average amount of feed for one lamb was deducted from the total up to 
tha t  time . 
Experiment 2 
Three hundred twenty- fou� lambs averaging about 70  . lb . were used 
in the second experiment . They were divided into three groups which 
consisted o f  ewe lambs f rom Texas , ewe lambs from wes tern South Dakota 
and we ther lambs f rom wes tern Sou th Dakota . Two replicated pens of  9 
lambs f rom each group were assigned to six ration t reatments giving 
six pens for each o f  the experimental treatments . Experimental rations 
were the same as for experiment 1 except oys ter shel ls were omi t ted and 
two higher levels of hay ( 4 0  and 60%) were added ( table 2) . 
Source of ingredients and preparation o f  the rations were as in 
experiment 1 .  All rations were formulated to contain at  least 0 . 5 % 
calcium in an attempt to reduce the problem f rom urinary calculi which 
was encountered in the first experiment . The lambs were s tarted on 
feed with 1 lb . of the appropria te feed mix . and 1 . 5  lb . of alfalfa 
hay per head daily . The hay was gradually reduced until eliminated 
over an 8-day period . Experimental rations were increased by 0 . 2 lb . 
daily until  the lambs were on full- feed . Other feeding �nd man�g�me n � 
pro cedures were essentially the same as for experiment 1 .  
Due to severe weather conditions , all lambs were marke ted on 
January 13 af ter 102 days from the beginning of the experiment . 
This resulted in some variation in final weights be tween treatment 
groups . However ,  these lambs were not allo tted into weight groups 
initially as for experiment 1 .  Data were collec ted at slaughter as for 
the f irs t experiment . 
Results 
Experiment 1 
Data per taining to . . feedlot performance , carcass characteris tic·s 
and incidence of urinary calcu li are presented in table 3 .  The ex­
periment was initia ted with 7 2  lambs in each ration treatment group . 
Three lambs died from overeating disease in each of the 3% oys ter 
shells , 10% hay and 20% hay treatments .  Two losses occurred from 
this  cause in the all-concentra te group but none in the group fed 
the ration wi th 3%  hay . The remaining losses were from ur inary 
calculi with numbers shown in table 3 as clinical cases • 
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The lambs gained excep tionally well on all rations with only 
small differences be tween treatment groups. Feed consump tion was 
increased by includ ing oys ter �hells or hay in the ration wi th the 
increase being mos t pronounced : at the two high levels of hay. To tal 
concentrates ( corn and supplem�nt )  required per pound of gain varied 
only sl ightly between levels of _ hay . There fore , the alfalfa hay fed 
at 3 ,  10 or 20% o f  the ration resulted in relatively small savings in 
concentrates in comparison to the all-concentrate ration , but total 
feed requirements increased wi th increasing levels o f  hay . Oys ter 
shells resulted in a slight saving of concentrates per uni t of  gaining , 
amounting to 0 . 5 7 lb . per pound of the oys ter shells. 
Only small dif ferences were observed between treatments for the 
carcass characteris tics s tudied . Incidence o f  urinary calculi was 
high in the all-concentrate group � amounting to 22 of the lamb s . The 
incidence of this condi tion was less in the presence of 3% oys ter shells 
and higher in lamb s f ed rat ions wi th 3% hay . In groups fed higher level s 
of hay , incidence of  calculi was about the same as for thos e  fed the 
all-concentrate ration . 
Data per taining to weight groups and sex are presented in table 4 . 
When live weights were us ed as the basis for calculating average daily 
gain , lambs with he avier ini tial weights appeared to gain more rapidly 
during the experiment . The heavier lambs had a lower dressing percent 
bu t were graded about the same as the light lamb s . When rate of gain 
was adj us ted to an equal dressing percent , heavy and medium weight 
lambs gained at about the same rate and only sligh t ly more than for 
the light lambs . 
We ther lambs averaged 6 . 6  lb . more ini tially than ewe lambs and 
gained at an 8% fas ter rate . We thers consumed more feed than ewes 
resulting in only small differences in feed efficiency between them . 
Dressing percent and carcass grade were about - the same for ewes and 
wethers . 
· 
Experiment 2 
There were 54 lambs initially in all treatment groups in experiment 
2 ( table 5 ) . Some losses occurred with all being diagnosed as resulting 
from overeating. Increas ing the level of hay appeared to have no effect 
in reducing the los ses from this disease . 
Lambs fed the all-concentrate ration had the highest rate of  gain . 
Weight gains were reduced sI°ightly by including hay at 3 ,  10 or 20% of  
the ration , but there were only small dif ferences be tween these levels of  
hay. There was a marked reduction in rate of  gain when the leve l o f  
hay was increased from 20 t o  4 0 %  of  the ration. A fur ther reduc tion , 
but to a sma l l e r  ex ten t , oc cu r red when the l ev e l  of hay wa.s increased 
to 60% . 
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• Feed consump tion was about the same for rations wi th O ,  3 or 10% 
• 
• 
hay but increased with inc reas ing levels of  hay . Total feed requirements 
increased with increas ing levels of hay . Levels of  hay up to 40% of  
the ration appeared to have only a s light e ffec t on concentrates (corn 
and supplement) required per uni t of gain . With hay at 60% of  the ration , 
there was a reduc tion in concentrate requirements . However ,  the higher 
hay requirement resul ted in a low concentrate replacement value even for 
this level of hay . 
The re were no large differences in dressing percent excep t lambs fed 
the ration with 60% hay dressed lower than the o ther lambs . Degree 
of finish and carcass grade did no t appear to be affected up to the 20% 
level of hay . These carcas s characteristics were lowered by the higher 
levels of hay . However ,  lambs on the 40 and 60% level of hay were 
somewhat ligh ter at s laughter . 
No clinical cases of urinary calculi were encountered in this e" P d m<' n t- . 
Incidence of  calculi found at  s laughter did not appear to be re l � t·eJ to 
level of hay and was cons iderably lower than in exper i men t  1 .  
Discussid>n: 
Death los ses from entero toxemia amounted to 3 . 0  and 6 . 5% in 
experiments 1 and 2 ,  respec tively . The incidence of th is disease did 
no t appear to be reduced by increasing the level of  hay . Although the 
lambs were vaccinated for control of enterotoxemia and were fed 
chlortetracycline , it appears qui te likely that immunity had no t deve l oped 
sufficiently and that the antib iotic intake had not reached adequa te 
levels during the firs t  few days of the experiments when mos t  of the 
losses : occurred . I t  would appear , however ,  that lambs can be fed 
rations with low levels or even no conventional roughage with no more 
problems from entero toxemia than when fed diets with more common levels 
(40 to 60%) of roughage . 
Oys ter she lls appeared to of fer little , if  any , benefi t  as an addition 
to the all- concentrate ration . Levels of hay up to 20% of the ration 
had only a slight effect on rate of gain in comparison to the all-concentrate 
ration . However ,  there was a pronounced reduc tion in gain with higher 
levels o f  hay . 
Lambs wi th heavier init ia l  weights appeared to respond to the 
all- concentrate ration better than the lighter lambs in experiment 1 .  
On the other hand , the ligh t lamb s gained fas ter than the heavy lambs 
when fed rations wh ich contained hay . We ther  lambs also gained bes t 
on the all- concentrate ration whi le the lighter ewes did not perform 
as well on thi s  ration as on those containing hay . These resul ts 
wou ld be in agreement with cat tle research involving s teers and heifers 
and cattle of various weights and finish . Large animals lackirtg in 
finish or those maturing at heavier weights appear to be benefi ted 
more by high-energy rations • 
- 2 9  -
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The re was little effect on concentrate requirements per uni t  of • gain of hay up to 20% of the ration in experiment 1 .  Therefore , the hay 
had a low replacement for concentrates . In experiment 2 ,  gains were lower 
and feed requirements were higher ; but the results were in general agree-
ment with experiment 1 as to the effect of  roughage level o f  rate of gain , 
feed consump t ion and feed requirements wi th levels of hay up to 20% of  
the ration . At the two higher levels of  hay in experiment 2 where gains 
were subs tan tially reduced , feed requirements were markedly high . Only 
with the 60% leve l of hay were concentrate requirement s  per unit of  
gain reduced to any appreciable extent , but the higher hay requirements 
with this ration still re sulted in a low rep lacement value of hay for 
the concentrates . 
Levels of  hay up to 20% of the ration had lit tle effect . on carcass 
characteri s ti cs studied in the experiments . Apparently , there was little 
d ifference · in amount of carcass fat with hay up to thi s  level as measured 
by finish score and carcass grade . Lambs fed higher levels of hay had 
lower scores for finish and grade , but they were slaughtered at lighter 
weights . 
In experiment 1 ,  the rations were calculated to contain 0 . 3% calcium ,  
excluding calciilm in oys ter shells . Incidence o f  urinary calculi was 
high in all treatments excep t in the one which contained 3% oys ter shells . 
It would thus appear that the elevated level of calcium in this ration 
was effective in reducing calculi formation . Calcium levels were increased 
to 0 . 5% in experiment 2 and no death losses were attributed to calculi .  
The calculi f ounded in the kidneys o f  these lambs a t  slaughter were 
primari ly si licious in nature and were considered to have been formed 
prior to the s tart of the experiment . Lambs f ed rations with 3% hay 
in experiment 1 had a higher incidence of cal culi than those fed rations 
with higher leve ls of hay . This apparent difference between various 
levels of hay in rat ions which were about equal in calcium con tent needs 
further investigation . 
Summary 
Two feeding trials involving 684 lambs were cond�cted to s tudy the 
effect of adding 3% oys ter shells or 3 ., 10 , 20 , 40 or 6 0% alfalfa hay 
to an all-concentrate rat ion b ased on ro lled shelled corn with supplements . 
Several death losses occurred from enterotoxemia , bu t they· did . not 
appear to be related to the level of  hay in the ration . 
Weight gains were similar in experiment 1 for lambs fed rations 
with 0 to 20% hay . In experiment 2 ,  gains decreased s lightly with 
increasing levels of hay up to 20% and were markedly reduced with 40 
and 60% levels of  hay . Feed requirements increased with increasing . 
levels of hay wh ile concentrate requ 1 rements remained relatively 
cons tant , resulting in a low value for alfalfa hay in terms of concentrate 
repl acement value a t  all l eve l s of  hay tes ted in these experiments . 
. . . : - . 30  
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Carcass characteris tics were not affected by the level of hay up 
to 20% of the ration . However , finish and grade were lower for lambs 
fed rations with 40 to 60% hay and marketed at lighter weights . 
Oys ter shells offered little improvement over the all-concentrate 
ration in terms of gain and �arcass characteristics . They did reduce 
concentrate requirements slightly resulting in a replacement value of 
0 . 57 lb . of concentrates per pound of oyster shells . 
Incidence of urinary calculi was high in experiment 1 when rations 
were calculated to contain 0 . 3% calcium . A higher level of calcium 
provided by oyster shells reduced the incidence of calculi .  The incidence 
was higher in presence of 3% hay than at the other levels . Phosphatic 
calculi was not a problem in the second experiment when the calcium 
level of rations was increased to 0.5%. 
Table 1 .  Percentage 
Ingredients 
Rolled shelled corn 
Soybean meal 
Oyster shells 
Alfalfa hay 
Ground limestone 
Trace mineral salt 
Potassium chloride 
Composition of 
0 3% 
Hay o . s .  
89 . 5  86 . 0  
9 . 0  9 . 5  
3 . 0  
0 . 7 0.7 
0.5 0.5 
0 . 3  0 . 3  
Rationsa -
3% 
Hay 
87 . 0  
8 . 5 
3.0 
0 . 7  
0.5 
0 . 3  
Experiment 1. 
10% 20% 
Hay Hay 
81 . 8  74 . 0  
7 . 0 5 . 0  
10 . 0  20 . 0  
0 . 4  0 . 2  
0 . 5  0 . 5  
0 . 3  0 . 3  
a All rations contained 1500 I . U .  vitamin A ,  300 I . U. vitamin D ,  8 . 0  
I . U .  vitamin E and 4 mg . chlortetracycline per lb . 
Table 2 .  Percent Composi tion of Rationsa - EJq�erimen t 2. 
0 3% 10% 20% 40% 60% 
Ingredients Hay Hay Hay Hay Ha..I Hay 
Rolled shelled corn 88 . 6  86 . 3  80 . 6  72·, 9 56 ·. 9  39.1 
Soybean meal 9.2 8 . 6  7 . 5 5 . 5  2 . 0  
Alfalfa hay 3 . 0 10 . 0  20.0 40 . 0  60 . 0  
Ground limestone 1 . 3  L 2· 1 . 0  o·. 1 0 . 2  
Trace mineral salt 0.6 0 . 6  0.6 0 . 6  0 . 6  0.6 
Potassium chlori·de 0 . 3  0.3 0.3 0.3 0 . 3  0.3 
aAll rations contained 1000 I .  U. vitamin ·A. ,  8 . 0  I . U .  vitamin E and 10 mg . 
chlortetracycline per lb. 
- 3 1 -
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Teble 3 .  Effect of Oyster Sheila or Level of Hay in Rations for Lambs - • 
Elq�eriment 1 
0 3% 3% 10% 20% 
I tem H� o.s. Ha� Ha� HaJZ No . of lambs 69 69 61 63  66  
Av . days fed 85 85 85 85 85 
Ini tial wt . ,  lb . 76 . 3  7 7  . 2  76 . 6 76 . 6 7 7  . 2  
Final wt . , lb .  131 . 1  132 . 9  132 . 0  131 . 1  130 . 0  
Av . daily gain , lb .  0 . 65 0 . 67 0 . 66 0 . 65 0 . 63 
Av . daily ration , lb .  3 . 06 3 . 15 3 . 15 � . 30 3 . 50 
Feed/lb .  gain , lb .  
Corn 4 . 03 3 . 92 4 . 00 4 . 02 3 . 98 
Supplement 0 . 47 0 . 50  0 . 46 0 . 40 0 . 32 
Alfalfa haya 0 . 17 0 . 1 7 0 . 31 0 . 66 1 . 26 
Oyster shells ---- - - 0 . 14 _ _ _  .. _. ... ---.-... .... .- -. ----
Total 4. 67 4 . 7 3 4 .  7 7  5 . 08 5 . 56 
Dressing percent 48 . 5  48 . 5  49 . 2  48 . 4 49 . 3 
Finishb 6 . 1  6 . 3 5 . 8  6 . 2  6 . 0  
Carcass gradec 21 . 2  21 . 9  21 . 2  21 . 6  21 . 2  
Urinary calculi incidence , %  
Clinicald 1 0 11 6 3 
Totale 2 2  7 43 26 25 
aio lb . hay per lamb fed in all treatment groups during first 10 days . • bsmall , 5 ;  modest ,  6 .  cchoice ' 20 ; prime·,· 23 . dneath due to urine blockage . 
erncluded losses due to· urine blockage and animals havi�g . mineral deposfts 
in kidneys and bladder · at termination of the experiment . 
Tab le 4 .  Effects o f  In��ial Weight and Sex on Feedlot Performance and 
Carcass Cha�acteristics of Lambs Fed �igh-Concentrate Rations -
Experiment 1. 
I tem Light Medium .. Hea'1y Ewes We thers 
No . of lambs 114 115 113 169 159 
Av . days fed 100 .. 84 7d 82 87 
Initial wt . , lb .  68 �·4 7 7 . 4  84 . 7  73 . 4  80 . 0  
Final wt . , lb .  . 130 . 5 131 . l  13"2 . 9  124 . 5  138 . 4  
Av . daily gain , lb .  
Observed live 0 . 62 0 . 64 c) . 69 0 . 6 3 o. 68 
Adj usted a 9 . 6 2 0 . 64 o . 64 - - --- -
Av . daily ration , lb .  3 . 19 3 . 19 J . 30 3 . 12 3 ; 3 2 
Feed/lb .  gain , lb .  
Observed live 5 . 14 4 . 9 8  4 . 7 8 5 . 01 4 . 9 2 
Adjus ted a 5 . 14 4 . 98 5 . 17 ------- -- - - --
Dressing percent 49 . 3  49 . 2  47 . 9  48 . 8  48 . 7  
Carcass gradeb 20 . 9  21 . 8 21 . 5  21 . 3 21 . 5  
aGain adj us ted to 49 . 2% carcass yield . 
bChoice , 20 ; prime , 23 . 
- 3 2 -
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Table 5 .  Effect of Level of  Hay in Rations 
Experiment 2 ( 102  Days ) 
0 
I tem Hay 
No . of  lambs 49 
Initial wt . , lb .  69 . 5  
Final wt . , lb .  128 . 3  
Av . daily g�in , lb .  0 . 58 
Av .  daily ration , lb .  3 . 17 
Feed/ lb .  gairi , lb .  
Corn 4 . 81 
Supplement 0 . 62 
:Alfalfa haya 0 . 11 
Total 5 . 5 4 
Dress ing percent 50 . 5  
Finishb 5 . 7  
Carcass gradeC 20 . 5  
Urinary calculi in�idence , %d 12 . 2  
3%  
Hay 
5 3  
69 . 3  
]24 . 5  
0 . 54 
3 . 12 
4 . 89 
0 . 61 
0 . 29 
5 . 7 9 
5 1 . 2  .
· 
5 . 9  
20 . 8  
13 . 2 
for Lambs -
10% 20% 40% 60% -
Hay Hay Hay Hay 
49 51  5 1  50 
69 . 5  69 . 3  69 . 3  69 . 3  
123 . 6  124 . 1  106 . 0  100 . 1  
0 . 53 • 0 . 54 · 0 . 36 ·:0 . 30 
3 . 21 3 . 45 · ·3 . 3 2 3 . 41 
4 . 81 4 . 64 5 . 10 4 . 43 
0 . 5 7 0 . 46 0 . 29 0 . 11 
0 . 7 1 1 . 40 3 . 76 · 7 . 02 
6 . 09 6 . 50 9 . 15 11 . 56 
5 0 . 5  49 . 9  50 . 4  49 . 1  
5 . 9  5 . 2  4 . 7  4 . 4  
20 . 9  20 . 7  19 . 8  19 . 3  
18 . 4  13 . 7  5 . 9  16 . 0  
a6 . 6  lb . hay p er lamb fed in all treatment groups during firs t 8 days . 
bs l ight , 4 ;  Small � S ;  Modes t , 6 .  
ccho ice , 20 ;  Prime , 23 .  
dpercent of anim�ls yielding calculi after 102 days on t rea tmcu c • 
- 3 3  -
